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CONJ?IGURATIONWITH AN ASPECT RATIO 3 TRIANGULAR WING

AND AN AIL-MOVABLE HORIZONTAL TAIL - LONGITUDINAL

An investigation has

IATERAL cHARAcTEKcEmccs

By David G. Koenig

suMMARY

been made to determine the low-speed large-
scale characteristics of sm aspect ratio 3 triangular-wing airplane
model. The complete model consisted of the wing in combination with a ~
fuselage of fineness ratio 12.~; a thin, triangular vertical tail with

● a constant-chord rudder; and a thin, unswept, all-movable tail (aspect
ratio of approximately 4). The wing had an NACA 0~ (modified) sec-
tion and was equipped with partial-span, slotted, trailing-edge flaps

*
of constant chord. Tests of the model at zero sideslip were made with
the horizontal tail at each of three vertical positions (O, 0.21, and
0.41 wing semispan above the extended wing-chord plane) at one fixed
longitudinal distance behind the wing. The characteristics of the
model in sideslip were investigated with the tail in the extended ting-
chord plane. In addition, a limited investigation was made on the use
of flaps or the horizontal tail as a lateral-control device. The aver-
age Reynolds number, based on the wing mean aerodynamic chord, was
H.8 million and the Mach nuniberwas 0.13.

INTRODUCTION

Wind-tunnel tests at subsonic aud supersonic speeds have been made “.
for small-scale, aspect ratio 3 triangular wings. Ih order to extend
the scope of data on the aspect ratio 3 triangular-wing plsm form to
that of large scale, an investigation has been conducted in the Ames

. k)- by 80-foot wind tunnel.

m



2 MICA RM A52L15

For purposes of paralleling previous investigations of airplane
configurationswith aspect ratios 2 and 4 triangular wings in the
40- by 80-foot wind tunnel (refs. 1, 2, and3), en aspect ratio 3 tri-
q~wingtith RuWCA 0005 (modified) section equipped with
trailing-edge pqrtial-span slotted flaps of constant chord was tested
in combination with a fuselage, vertical tail, and horizontal tail.
This combination was identical to that used in the previo,usinvesti-
gations. In addition to symmetrical control deflections, the flaps and
horizontal tail were deflected asymmetrically and a limited investi-
gation of their use as lateral-controldevices was made.

The results are presented herein without analysis in order to
expedite publication.

NOTATION

Figure 1 shows the sign convention used for presentation of the
data. All control-surface deflections are measured in a plane perpen-
dicular to the hinge or pivot line of the control surface.

b

bf

bt

c

E

CD

(2Z

cL

cm

Cn

Cy

wing span, ft

wing-flap span (movable), ft *

horizontal-tail span, ft -.

b

wing chord, measured parallel to wing center line, ft

mean aerodynamic chord of wing, measured parallel to wing

Job/2 C%y
center line, , ft

~obi’ C dy

drag coefficient, drag/qS

rolling-moment coefficient, rolling moment/qSb

lift coefficient, lift/qS

pitching-moment coefficient, pitching moment/@~

yawing-moment coefficient, yawing moment/qSb

side-force coefficient, side force/qS

—

—



NACA M A521J5 3

total drag, lb

horizontal-tail incidence relative to the wing-chord plane, deg

distance from moment center to pivot line of the horizontal
tail, ft

total lift, lb

lift-drag ratio

rate of rolling, radians/see

wing-tip helix angle, radians

free-stream dynamic pressure, lb/sq ft

wing area, sq ft

trailing-edge-flaparea (total movable), sq ft

horizontal-tail area, sq ft

free-stream velocity, ft/sec

longitudinal coordinate parallel to model center line, ft “

lateral coordinate perpendicular to plane of symmetry, ft

vertical coordinate perpendicular to wing-chord plane, ft

angle of attack of the wing-chord plane with reference to free
stresm, deg

rate of change of wing-section angle of attack with control-
surface angle for constant section lift

angle of sideslip of the model plane of symmetry with reference
to free stream, deg

average flap deflection with reference to the wing-chord plane,
deg

difference in deflection between a pair of control surfaces used
as lateral controls> Positive when left-hand control has more
positive deflection, deg
(Sub-subscriptsdenote the control used: f, flaps; t, hori-
zontal tail.)
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br rudder deflection, deg

e av average effective downwash, deg

*

. —.

DESCRIPTION OF MODEL

Pertinent geometric data are presented in table I and figure 2,
and a photograph of the model is shown in figure 3.

u

The wing had an actual aspect ratio of 2.99 andNACA 00@ (modified)
sections parallel to the model center line. The modification to the
NACA 00@ sections consisted of a straight line fairing from the

&

67-percent-chord station to the trailing edge. The ordinates of the
NACA 000~ (modified) section are presented in table II.

Because of the construction techniques used for the model, the
ordinates of the actual wing section on a portion of the wing plan
form were less than the ordinates of the NACA ~ (mcdified) sectionby
an amount not exceeding 0.1 percent of the local wing chord. The area
on the wing plan form for which this deviation existed is shown in
figure 4.

The wing was equipped with partial-span constant-chord slotted
flaps which extended from 14.8 to 76.9 percent of the wing semispan.
Dimensional data concerning the flap and slot profile are presented
in figure 3.

The fuselage, vertical-tail, and horizontal-tail configuration was
identical to that described in reference 1. The fuselage coordinates
are listed in table III. A constant-chord rudder was installed on the
vertical tail and had a plain radius nose and a small, unsealed gap.

.

.
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The horizontal tail was installed at each of three vertical positions
(z/(b/2), of O, 0.21, and o.kl from thewing-chord plane). Hereafter,
these tail positions will be referred to as low, middle, and high
positions, respectively.

TESTS

Lcmgitudinal characteristicswere obtained with the model at zero
sideslip. Tests were made with the horizontal tail off and with the
tail installed in the low, middle, and high positions for various tail
incidences. Tests were also made tith the tail in the low position for
a flap deflection of ~“. For purposes of aiding in the comparison of
the longitudinal characteristics of the model with the horizontal tail
at each of the tail positions, moment center locations were chosen such
that a value of (dC~dCL)cbO = -0.06 wouldbe obtained with the flaps

and the horizontal tail unreflected. These moment centers were located
at 43.6, 44.1, and 4-8.5percent of the mean aerodynamic chord for the
low, middle, and high positions, respectively.

The characteristics of the model in sideslip wereoinvestigatedby
making tests with varying angle of attack at 6° and 12 sideslip, and
with varying angles of sideslip for 0°, 6°, 12°, 18°, and 24° angle of
attack (nominal values). Sideslip data were obtained with the tail off
and with the tail installed in the low position for flap deflections of
0° and 40°. For all sideslip data, a moment center location of
43.6 percent E was used.

Two means of lateral control were given a limited investigation,
nsmely asymmetrically deflected trailing-edge flaps and horizontal
tail. The investigation was primarily concerned with lateral-control
effectiveness at high trim lift coefficients. Tests were made with the
complete model and with the horizontal tail off in order to determine
the effect of the tail on the lateral-control effectiveness of the flaps.

In order to evaluate the effectiveness of the rudder and to deter-
mine the magnitude of the lateral-directional control interference,
between the rudder and the horizontal tail, tests were made with the
rudder deflected in cotiination with either a symmetrical or an asym-
metrical deflection of the horizontal tail.

The data were corrected for wind-tunnel-wall effects and support-
strut interference.

The Reynolds number of the tests was 12.8 million. The dynamic
pressure was approximately 25 pounds per square foot and the Mach
number was 0.13.
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RESULTS - *

A summary of the configurations investigated is presented in b

table IV which also serves as an index to the basic aerodynamic data
presented in figures 6 through 20.

A comparison of lift, drag, and pitching-moment characteristics of
the wing-fuselage vertical-tail combination with those predicted by the

-.

theory of reference 4 for the wing alone is presented in figure 21.

The variation of ACL due to 40° flaP deflection~th ~ is
given in figure 22. In addition, the variation of ACL as predicted
by reference 5 is presented.. Values of qj used in the computations
were obtained from the curve of figure 3, reference 5 for the case of

6the gap sealed and a flap deflection range ofO to 20 . Computations
of @L were based on the span of the flap actually deflected.

The effect of tail height on the longitudinal-stabilitycharacter-
istics of the model is presented in figure 23. The variation of the
average effective downwash tith angle of attack is presented in
figure 24 to show the source of the effect of tail height on the longi-
tudinal stability of the model. The downwash data were derived by
using the pitching-moment curves of figures 6, 7, and 8. The values
were determined by the relation, ‘av = a + it, where u is the angle
of attack at which the tail-on and tail-off pitching-moment curves
intersected. In order to obtain points of intersection for tail
incidence other than those tested, a linear variation of dC#dit W’aS

assumed. This assumption is substantiatedby the data of figure 9.

The trim lift and drag characteristics for the model with the
horizontal tail at the lowpositlon are presented in figure 25. These
trim data were derived from the data of figure 9. Curves of constant
gliding and sinking speed based on a wing loading of 30 pounds per
square foot are superimposed on the drag curves of figure 25.

The derivatives C2B2 CnP> and C!yp are presented in figure 26 for

the model with the horizontal tail off and on, for flap deflections of
0° and 40°. The values were obtained from the data of figures H, 13,
and 15 for the condition of zero sideslip.

The increments of Cz, Cn, and Cy per degree of total lateral-
control deflection of the flaps and of the horizontal tail are pre-
sented in figures 27 and 28, respectively. The rolling effectiveness
of both lateral-control devices as predicted by the theory of refer-
ence 6 is also presented in figures 27 and 28. Values of pb/2V for



each type of lateral control deflected _hO bz = 10° are given in
figure 29. Values of Czp were obtained from the expertiental data

in reference 7 for sm aspect ratio 3 trismgdar-wing-alone model.
Values of pb/2V were obtained by dividing the expertiental increments
of rolling moment for a total aileron deflection of 10° by corresponding
values of CZ as obtained from reference 10.

P

The increments of Cz, Cnj and Cy per degree of rudder deflection
for the complete model at zero sideslip are presented in figure 30.
The increments shown are for differential deflections of 0° and 20° of
the horizontal tail.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Moffett Field, Calif.
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TABLE I.- GEOMETRIC DNCA

9

iing

Area, si ft . . . . . . . . . . . . . . * .*.....** 313.76
Sp, ft . . . . . . . . . . ● ..*..=.=*.,**- 30.64
Meanaerodynamic chord, ft . . . . . . . . . . . . . . . . 13.65
Aspect ratio . . . . . . . . . . . . . . . . . . . ● . . ■ . 2.99
Taper ratio. . . . . . . . . . . -= . . . . . . . . . . . . 0
Airfoil section paralLel to model

centerline. . . . . . . . . . . . . . . . NACA 0005 (modified)

Fuselage

Length, ft . . . . . . . . . . . . . . . . . . . . . . . . 56.16
Maximumdiameter, ft . . . . . . . . . . . . . . . . . . . . 4.49
Fineness ratio . . . . . . . . . . . . . . . . . . . . . . . 32.5

Vertical tail

Exposedarea, sqft. . . . . . . . . . . . . . . . . . . . 52.53
Aspect ratio of plan form, =tended
tomodelcenterline . . . . . . . . . . . . . . . . . . . 1

Taper ratio. . . . . . . . . . . . . . . . . . . . . . . . . 0
Airfoil section parallel to model

centerline. . . . . . . . . . . . . . . . NACA 0005 (mcdified)
Rudder area (exposed), sq ft U.87

Slotted, trailing-edge flaps

Chord (percent whg chord at fuselage
centerline) . . . . . . . . . . . . . . . . . . . . . . . 9.57

Sf/S(tota.lmovable) . . . . . . . . . . . . . . . . . . . O.llg
bf/b(totalmovable) . . . . . . . . . . . . . . . . . . . 0.622

Horizontal tail

Low position

st/s . . . . . . . . . . . . . . . . . . . . . . . . . . 0.245
bt/b . . . . . . . . . . . . . . . . . . . . . . . . . . 0.602
J@ (moment center at 0.436E) . . . . . . . . . . . . . 1.550
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . 4.4
Taper ratio. . . . . . . . . . . . . . . . . . . . . . . . 0.46
z/(b/2). . . . . . . . . . . . . . . . . . . . . . . . . . 0

\ /
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.

Middle position

st/s . . . . . . . . . . . . . . . .*..*..**** o ●199
bt/b. m . . . . . . . . . . . . . . . . . . . . . . . . 0.495
2t/5 (moment center at 0.441=) . . . . . . . . . . . . . 1.544
Aspect ratio . . . . . . . . . - . . . . . . . ● . . . . . 4.0
Taper ratio. . . . . . . . . . . . . . . . . . . . . . . . 0.50
z/(b/2). ● c ● c.*= ● .= ● ● ● = 9 ● ● c ● ● ● ● = ● ● 0~21

High position

st/s . . . . . ● . . ● . ● . . . . . . ● . . . - . ● ● ● .09199
bt/b . . . . . . . . . . . . . . . . . . . . . . . . . . .0.495
Lt/5 (moment center at 0.4853). . . . . . . . . . . . . . . 1.501
Aspect ratio . ● . . . . . . . . . . . . . . . . . . . . . 4.O
!l?aerratio. . . . . . . . . . . . . . . . . . . . . . . .

T
0.50

z(b/2). . . . . . . . . . . . . . . . . . . . . . . . . . 0.41

. —...—

.

,

.
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TABLE II.- COOKOINATES OF THE NACA 0005
(MODIFIED) SECTION

Station Ordinate
(Percent chord) (Percent chord)

o 0
1.25 .789
2.50 1.089
5*OO 1.481
7.50 1.750
10.00 1.951
15.00 2.228
20 ● 00 2.391
25.00 2.476
30.00 2.501
40.CQ 2.419

2.206
z:: 1.902
67.00 1.650
70.OQ 1.500
80.00 1.000
go.oo .500
100.00 0

L.E. radius: 0.275-percent chord

U
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TABLE III.- BODY COORDINATES

[Stations and radii in percent ‘
of the total length]

Station

o
.625

1.25
2’50
5.00
7.50

10.00
15.00
20.00
25.00
30.00
::.:

45:00
50.00

100.00
99.38
98.75
97.50
95.00
92*W
90.00
85.00
80.00
75.00
70.00
65.00
60.00
55.(N
---

Radius

o
.26
.42
.70

1.15
1.54
1.86
2.41
2.86
3.22
3.51
3.73
3.88
3.97
4.00

-

NACA RM A521L5

●

✎
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TABLE IV. - SUMMARY OF CONFIGURATIONS HWE%TIGA’IXD

[W, wing; F, fuBelage;V, vertical. tail; HL, EM, HH, horizontal
tail at low, middle, and high positions, respectively]

Control &flecti0n2 ~e~ a
Figure Configuration

% %* %
I

B
~ lt %

fleg
&g

Data
(nominal.)

6
W+F+V and

o, 40 0
tan off

W+F+V+SL 0, -6 0 0
0 -2 tO 25 CL Vs a, CD, cm

7
W+F+V .md

o 0
tail off

W+F+V.13M O, -6 0 0 0 -2 to 25 CL Vs u, y, ~

8 W+F+V and o 0
tail off

W+F+V+HE 0,-60 0
0 -2 *O 25 CL V6 CL, CD, ~

9(a), (b) W+F+V+EL o, 40 0 2 to -1OI o 0 0 -2 to 2> CL V8 a, ~, cm

cL VS Ct, ~, ~)

10(a), (b) W.IF+V o, 40 0 tail off o 0,6,12 -2 to 25 Cz> % Cy

n(a)
(b), fc)

k%F+V o, 40 0 tail off o -2 to 2.2
0,6, l&3, %J%cD;y~B ;Z~

K!(a), (b) H+F+V+EL o 0 0 0 0 0,6,2.2 -2 ta 29
CL ~ % cDj cm~

cl, ~, Cy

is(a), (b)

(c)

0,6, xw.8,
H+F+V+HL

% %;y%B ;1> %
o 0 0 0 0 -2t0z2 2k

cL VS U., ~, ~,

lk(a), (b) U+F+V~ ho o 4 0 0 0,6,12 -2t025
~ ZJ % CY

lfla),
CL? ‘% % cu

(b), (c) W.IJ’+VWL 40 0 -6 0 0 -2tax2
0,6,12,18, cm Cy Vs p

24

16(a), (b) ~;&~
o 20 tail off CL VB a, c~, q, c p

30 20 -6 0 0 0 -2 to 25
Cn, Cy

17(a), W+F+V and tail off
30 20 -~ ~ o

o,6, &tl, cL> C~> ~, C z, Cn,
(b), (c) W.!-F+V+EL

-2t0z2
Cy VE p

lfl(a), (b) W+F+V+2L $ 0

b o cL TE a, CD, Cm cz,

:6 20 0 0 -2 to 25
%> Cy

lg(a), (b) W+F+V+HL 40 0
6 0 0,10 CL YE % %} cm> c Z>

: 20 0,10
0 -2ta25

%, Cy

20a,
W+F+V+HL 40 0 $ & 10

0,6, f12,1i3, c~ ~, ~ Cz, Cn,
(b!,)(c) -2 to 12

Cy V8 p
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unless otherwise noted
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?
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Figure 2.- Geometric details of the model.
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I

R~ Model center line
\

\

h
II

t

T
Areo of plan form with

section urbitrorily foired

TI with o maximum of 0.1-
A /. percent- chord obviation.

LI—

I I r//2 -/

I ,

II /

&$&

\

Note: All dimensions

I r

h
ore in feet.

<~

q

Z32

I

9./0 1--1 —&56–

.

I Contour of fuseluge at
I

I

wing chord plane

Figure 4. — The ureu on euch wing panel of the model where
the whg section 0i3viufes slightly from the NACA 0005

(modified) section.
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23.56 from ZE of wing

I

—
I

Station O

0 \

— Intersection of flop hlhge
fine and section plane when

l--i-~- I I flap is deflected to ongles

2
shown.

Flap s?ailon
6

Section of flap nose shown
parallel to model cenfer line

Flu coordfnafes for
/’a / spanwtse station

Sfafion

o

0.113
.226
.452
.679

/.357
2.036
2. 7f4
3.393
4.07i

4.750
5.654
11.309
16963

23.560
C&

0.17
L./z

S%%7e
-0.872

- .554
- .408
- . /“f
- .012

.351

.589

.747

.860

.905

.916
905
.610

a
r of L.E

-0./
?dius: O.L

Lower
Surface
-0.872

- L030
- /. 086
- /. //9
- /. /3/
- L1/9
- 1.086
- L041

- /.006

-0973

- Q938
- Q905
-0.610
- Q328

o
‘rc
?

Dimemwons sbwn
h ities

Figure 5.- Geometric data of the flop uno’ slot profile used on the
twihhg-edge, constant- chrd, slotted flops.
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